Pyrroloquinoline quinone (PQQ) is a water-soluble quinone compound, and has a strong anti-oxidant capacity (1, 2) . Trace amounts of PQQ are present in everyday foods and beverages (3) and in the organs and tissues of humans and rats (4). The nutritional importance of PQQ was suggested after a study on rats showed poor growth, osteolathyrism, and friable skin due to a lack of PQQ (5). In addition, several studies in humans have suggested that PQQ plays a role in cognitive improvement (6, 7) and has anti-stress effects (8). A recent study reported that dietary PQQ alters indicators of inflammation and mitochondrial-related metabolism in human subjects (9).
Pyrroloquinoline quinone (PQQ) is a water-soluble quinone compound, and has a strong anti-oxidant capacity (1, 2) . Trace amounts of PQQ are present in everyday foods and beverages (3) and in the organs and tissues of humans and rats (4) . The nutritional importance of PQQ was suggested after a study on rats showed poor growth, osteolathyrism, and friable skin due to a lack of PQQ (5). In addition, several studies in humans have suggested that PQQ plays a role in cognitive improvement (6, 7) and has anti-stress effects (8) . A recent study reported that dietary PQQ alters indicators of inflammation and mitochondrial-related metabolism in human subjects (9) .
Owing to its strong anti-oxidative properties, PQQ is likely to protect mitochondria against damage from reactive oxygen species. Aerobic respiration in the mitochondria leads to the production of reactive oxygen species, which in turn, leads to the induction of lipid peroxidation and the inactivation of lipid metabolism (10, 11) through a deterioration of the mitochondrial energy production cycle. Therefore, the protection of mitochondria from oxidative stress may maintain normal metabolism in mitochondria. AMP-activated protein kinase (AMPK) that accelerates catabolism, i.e. the production of ATP, through the generation of mitochondria, activation of the glycolytic pathway, or glucose capture, is activated following PQQ ingestion in animal studies (12, 13) . A previous study in rats fed a PQQ-depleted diet reported that PQQ treatment led to an increase in the number of mitochondria in cells and a normalization of elevated triglyceride (TG) levels in circulating blood (13) . It is well known that to maintain serum lipid levels at normal range is important, as excessive lipid levels are regarded as a risk factor for various lifestyle-related diseases. Although similar effects are to be expected in humans, to date, to the best of our knowledge, there is only one study on the relationship between PQQ and lipid metabolism in healthy young humans with the normal range of blood lipid levels (9) . In the paper, the blood lipid levels remained within the normal range after taking PQQ. The primary purpose of our study was to examine the effects of continuous PQQ treatment for 12 wk on human lipid levels in a randomized, doubleblinded, placebo-controlled trial. The volunteers in this study were healthy Japanese adults with normal to moderately high TG levels including those who had normal to high low-density lipoprotein cholesterol (LDL-chol) levels. Summary Pyrroloquinoline quinone (PQQ) is a water-soluble quinone compound that has a strong anti-oxidant capacity. A previous study in rats fed a PQQ-depleted diet showed that elevated levels of serum triglyceride (TG) decreased after PQQ supplementation. However, there is only one study reporting the effects of PQQ on serum lipid levels, such as those of TG and cholesterol, in humans. In this study, the effects of PQQ disodium salt (BioPQQ TM ) on serum TG and cholesterol levels in humans after 6 and 12 wk of treatment at an oral dosage of 20 mg/d were examined. This trial was conducted according to a randomized, placebo-controlled, double-blinded protocol. A total of 29 healthy Japanese adults, ranging from 40 to 57 y old, with normal to moderately high TG levels (110-300 mg/dL) as measured by a recent blood examination, were included in this study. In eleven volunteers out of 29, serum low-density lipoprotein cholesterol (LDL-chol) levels at baseline were high ($140 mg/dL). After 12 wk, the mean serum TG levels had not changed; however, a marginally significant decrease in the mean LDL-chol (from 136.1 to 127.0 mg/dL) was observed in the PQQ group. In the stratification analysis of the high LDL-chol subgroup (baseline LDLchol level $140 mg/dL), the mean LDL-chol levels decreased significantly from the baseline values in the PQQ group compared to the placebo group. Our study findings suggest that PQQ suppressed the LDL-chol level, which is an important finding, because a high level of this lipid is a risk factor for various lifestyle-related diseases. Key Words pyrroloquinoline quinone, LDL-cholesterol, human study, double-blinded, supplement E-mail: masahiko-nakano@mgc.co.jp
Effects of Pyrroloquinoline Quinone Disodium Salt Intake on the Serum Cholesterol Levels of Healthy Japanese Adults

MATERIALS AND METHODS
Participants and test materials. This trial was performed in accordance with the Helsinki Declaration (October 2000), and was approved by the institutional review board of the Seishin-kai, Takara Medical Clinic, Tokyo, Japan (chairman: Tsuyoshi Takara, M.D.; No: 1203-1202-MB01-01-TC). Japanese adults were selected on the basis of the following criteria: (a) aged between 40 and 60 y and (b) TG levels between 110 and 300 mg/dL for the 12 mo prior to the start of the study (It is indicated that a level of TG .300 mg/dL is a level which should receive consultation as a lipid abnormality in "Standard Medical Checkup and Health Guidance Program (revised edition)" (2013) published by the Ministry of Health, Labour and Welfare (14)). The following people were excluded: (a) those with a medical history of heart failure or myocardial infarction; (b) those undergoing treatment for atrial fibrillation, arrhythmia, liver disease, kidney disease, cerebrovascular disorder, rheumatism, diabetes, abnormal lipid disorder, hyperpiesia, or other chronic diseases; (c) those taking any other form of medication (including Chinese herbal medicines); (d) those with an allergy (to foods and/or medicines related to the test substances); (e) those taking supplements; (f) smokers; (g) those who exercised regularly; (h) those who were pregnant or possibly pregnant; (i) those who had participated in another clinical test in the 3 mo prior this study or during the test period; and (j) those who were assessed as being inappropriate for the test by a responsible physician. Participants in this study were recruited by Orthomedico, Inc. (Tokyo, Japan) and had no relationship with the Mitsubishi Gas Chemical Company, Inc. (Tokyo, Japan). Participants were randomly divided into two groups: the PQQ group (11 men and 5 women) and the placebo group (11 men and 5 women). Among study participants, 6 of 14 volunteers in the PQQ group and 5 of 15 volunteers in the placebo group showed high serum LDL-chol levels $140 mg/dL at baseline. Table 1 shows the ingredients of the PQQ and placebo preparations. All subjects ingested two capsules of PQQ (20 mg/d as PQQ disodium salt, BioPQQ TM ) or a placebo per day after breakfast with lukewarm water for 12 wk. The dosage of PQQ in this study was based on our previous studies (6-8), which is far beyond the estimated daily intake of PQQ from everyday foods and beverages (0.1-1.0 mg of PQQ/d) (9).
Measurements. All participants underwent physical examinations, and peripheral blood tests at baseline (before treatment) and at 6 and 12 wk later. Primary end-points were serum lipid levels and body composition: total cholesterol (total-chol), low-density lipoprotein cholesterol (LDL-chol), high-density lipoprotein cholesterol (HDL-chol), TG, percentage of body fat and body mass index (BMI). Secondary end-points was blood analysis parameter, which was measured for the assessment of drug safety. Blood analyses were conducted by the LSI Medience Corporation (Tokyo, Japan), and physical examinations, and peripheral blood tests were carried out at the Takara Medical Clinic (Tokyo, Japan).
Statistical analysis. The null hypotheses that there would be no differences between the baseline and 6-or 12-wk measurements, and between the PQQ group and the placebo group, were verified. When statistical significance was recognized, the null hypothesis was rejected. Significance was set at 5% (two-sided test). Multiple comparisons within a group were conducted using Dunnett's test (15, 16) , and comparisons between the groups were carried out by independent t-tests. Statistical analyses were conducted by a statistician at Orthomedico, Inc. using SPSS version 18.0 (SPSS Inc., Chicago, IL). Figure 1 summarizes the trial progression and participant numbers. The data of three participants were excluded from the statistical analyses, because they were outliers. The exclusion was based on Thompson's rejection test (17) .66, p,0.001] ). There were no other outliers using parameters besides the TG levels. During the test period, the average ingestion rate to assigned numbers of capsules was 99.1%. Table 2 shows the demographics of participants included in the analyses and the descriptive statistics of the primary and secondary end-points at baseline. No significant differences between the groups were found for any of these parameters.
RESULTS
Serum lipids, percentage of body fat, and body mass index
The values for blood parameters tested, and physical measurements at 6 and 12 wk were compared with those at baseline for each group (Table 3) . For the PQQ group, only LDL-chol had decreased with marginal significance at 12 wk (p50.079; Fig. 2) ; however, there was no difference for any other end-point measured. Meanwhile, in the placebo group, HDL-chol increased significantly at both 6 wk (p50.002) and 12 wk (p50.014), and TG decreased at 6 wk with marginal significance (p50.059); however, there was no difference at 12 wk. The percentage of body fat in the placebo group was marginally higher at 12 wk (p50.058).
The mean deviation in each primary end-point from baseline values was compared between the two groups ( Table 4 ). The HDL-chol level of the PQQ group at 6 wk was significantly lower than that of the placebo group (p50.018), while the total-chol and LDL-chol at 12 wk were marginally lower in the PQQ group (p50.087 and 0.052, respectively). There were no significant differences in the values observed for TG, percentage of body fat, or BMI between the two groups at 6 or 12 wk. 
Stratification analysis
As mentioned above, the mean value of LDL-chol declined with marginal significance at 12 wk in the PQQ group; however, the coefficients of variation (ratio of standard deviation to mean value) were rather larger in the PQQ group, as shown in Table 3 : 16.6%, 12.8%, and 15.7% at baseline, 6 wk, and 12 wk, respectively. Similarly, in the placebo group, the coefficient exceeded 22%. Thus, additional stratification analyses were conducted with subjects divided into two subgroups with a standard threshold value for high LDL cholesterolemia (140 mg/dL) at baseline. It is indicated that a level of LDL-chol $140 mg/dL is a level which should receive consultation as a lipid abnormality according to the "Standard Medical Checkup and Health Guidance Program (revised edition)" (2013) published by the Ministry of Health, Labour and Welfare (14) . In the PQQ group, 6 participants had a level $140 mg/dL (high subgroup), and 8 participants had a level ,140 mg/dL (low subgroup). In the placebo group, 5 participants had a level $140 mg/dL, while 10 had a level ,140 mg/dL.
In the high subgroup of the PQQ group, the mean LDL-chol decreased significantly at 6 wk (p50.002) and 12 wk (p50.008) compared to the baseline values (Table 5 ). In addition, total-chol decreased significantly at 6 wk (p50.004) and 12 wk (p50.036). In contrast, for the high subgroup of the placebo group, no significant changes were observed (Table 5 and Fig. 3 ).
As shown in Table 6 , for the high LDL-chol subgroups, LDL-chol decreased significantly at 6 wk in the PQQ group compared to the placebo group (p50.015), with a marginal decrease at 12 wk. Total-chol and HDLchol marginally decreased in the PQQ group (p50.081) at 6 wk, while the percentage of body fat decreased significantly at 12 wk compared to the placebo group (p50.049). The mean deviation for TG and BMI at 6 and 12 wk were not significantly different between the two groups. Meanwhile, for the low LDL-chol subgroup, there were no significant differences in any of the cholesterol levels or other end-points (data not shown).
Serum uric acid
Serum uric acid, which is regarded as an independent risk factor for lifestyle-related diseases, was also measured. In the PQQ group, serum uric acid was significantly lower at 6 wk (p50.003, from 661.2 to 5.461.1 mg/dL), while in the placebo group it was significantly higher at 12 wk (p50.032, from 5.861.3 to 6.361.4 mg/dL; Fig. 4 ).
Safety
Results of the blood tests for the assessment of PQQ safety are shown in Tables 7 and 8 . No medical problems resulting from the ingestion of PQQ or the placebo were observed. The mean values of almost all parameters measured were within the normal range, although for several parameters there were significant changes or slight deviations. In addition, based on the result of medical history, there was no obvious deterioration in health. Moreover, no adverse events were reported by participants during the treatment period.
DISCUSSION
To the best of our knowledge, this is the first randomized, double-blinded, placebo-controlled clinical study on the effects of PQQ (at 20 mg/d for 12 wk) on the serum lipid levels, percentage of body fat, and BMI in humans. There are a couple of previous animal and human studies on the relationships between PQQ supplementation and lipid levels. In one animal study, the TG level in rats fed a PQQ-depleted diet was significantly elevated, and the level recovered to the normal range with PQQ supplementation (13) . The modulation of mitochondrial, lipid, and energy metabolism by PQQ supplementation in rats relates to these results as underlying mechanisms (11) . However, in a previous open-labeled human study, the TG and LDL-chol levels remained within the normal range after 48 h of PQQ supplementation in a single dose at 0.2 mg of PQQ/kg of body weight or after 72 h at 0.3 mg of PQQ/kg of body weight over 3 d. In our present human study, healthy Japanese adults with normal to moderately high serum TG levels (110-300 mg/ dL) were recruited. Among our study participants, 6 of 14 volunteers in the PQQ group and 5 of 15 volunteers in the placebo group showed high serum LDL-chol levels $140 mg/dL at baseline. After 12 wk, the serum TG levels did not change significantly, contrary to our initial assumption; however, serum LDL-chol levels in the PQQ group decreased marginally compared to those of the placebo group. Additionally, a significant decrease was observed in the PQQ subgroup with higher baseline LDL-chol levels $140 mg/dL. The 140 mg/dL value corresponds to 300 mg/dL of TG from the standpoint of the threshold value of lipid abnormalities (14) . Since it was difficult to observe the effect of PQQ in normal to moderately high TG levels, the future studies on volunteers covering wider ranges of TG or LDLchol levels may give more obvious results. It is suggested that PQQ supplementation can affect lipid metabolism based on the fact that the LDL-chol and total-chol levels decreased significantly in the subgroup of the PQQ group over time. There was also a deviation in the LDLchol and percentage of body fat in the subgroup of the PQQ group, because it decreased significantly compared to that of the placebo group. Further studies are needed to confirm our study findings, because the number of participants in our study was relatively small. In addition, studies on the mechanisms involved in this effect would be helpful; therefore, AMPK gene expression and mitochondrial activity in relation to lipid metabolism should be evaluated. In this study, a decline in uric acid, or a suppression of uric acid levels by PQQ was suggested, although this was not considered in the initial investigative plan. However, the average uric acid levels remained within the standard range after PQQ treatment, and none of the par-ticipants showed abnormally low uric acid levels. These findings suggest that PQQ treatment for 12 wk can reduce serum uric acid to normal physiological levels. Several studies have indicated that hyperuricemia may be a risk factor in metabolic syndrome (18) . Our study findings suggest that PQQ may be useful for reducing such a risk factor. This is the first clinical, double-blinded, placebo-controlled study on the effects of PQQ on serum cholesterol and uric acid levels in humans. Serum LDL-chol levels in the high subgroup decreased significantly. In addition, serum uric acid levels decreased significantly in the PQQ group. There were no safety concerns relating to our study conditions. Further studies with a larger number of participants and molecular studies are needed to clarify the underlying mechanisms of these effects.
